A polycrystalline sample, Ba 3 Sr 2 DyTi 3 V 7 O 30 , with tungsten bronze structure was prepared by a mixedoxide method at high temperature (950℃). Preliminary structural analysis of the compound showed an orthorhombic crystal structure at room temperature. Surface morphology of the compound was studied by scanning electron microscopy. The dielectric anomaly at 321℃may be attributed to the ferro-paraelectric phase transitions. This was also confirmed from the appearance of a hysteresis loop. The nature of variation of the ac conductivity and value of activation energy at different temperature regions, suggest that the conduction process is of mixed-type (i.e., ionic-polaronic and space charge generated from the oxygen ion vacancies).
Introduction
Ferroelectric materials of the tungsten-bronze (TB) family have received considerable attention for the past several years, owing to their promising potential for various electronic devices, such as data storage in digital memory systems, piezoelectric transducers, pyroelectric detectors/sensors, precision micropositioners, electro-optic sensors, electrostrictive actuators, ferroelectric random access memory devices, and microelectromechanical systems (MEMs) etc. [1] [2] [3] [4] [5] [6] . Further, titanium-based materials are of special interest, as they are suitable for room temper-ature applications, mainly due to their dielectric properties. These materials have advantages over other dielectrics because of their high dielectric constant and low dissipation factor [7] [8] [9] been reported yet. In this paper, we report the dielectric properties of single-phase BSDTV. , in a suitable stoichiometry. These ingredients were thoroughly mixed and ground in dry (air) and wet (methanol) media for 2 h (each) in an agate mortar. The homogeneous mixture of the compound was calcined in an alumina crucible at an optimized temperature and time (950°C for 12 h). A small amount of polyvinyl alcohol was added to the calcined powder for the fabrication of pellets, which was burnt out during high-temperature sintering. The disc shaped pellets were fabricated by applying a uniaxial pressure of 5×10 6 N/m 2 in a hydraulic press. The pellets were subsequently sintered at an optimized temperature of 1000°C for 12 h. Preliminary study on compound formation and structural parameters of the materials was carried out with X-ray diffraction (XRD) data collected by an X-ray powder diffractometer (Rigaku Miniflex, Japan) at room temperature (with CuK α radiation (λ=1.5405 Å)) in a wide range of Bragg angles 2θ (20° 2θ 80°), at a scan speed of 4°/minute. The microstructure of the BSDTV sintered pellet was recorded by a JEOL JSM-5800 scanning electron microscope (SEM). The pellet was then electroded with a high-purity air-drying silver paste, and then dried at 150°C for 4 h for electrical measurements. The electrical measurements (dielectric and polarization studies) were carried out using a computer-controlled impedance analyzer (PSM 1735, model: N 4L) over a wide range of temperature (30-500°C) as a function of frequency (1 kHz-1 MHz). The hysteresis loop (P-E loop) was obtained using a workstation of hysterisis loop tracer (M/S Radiant Technology Inc, USA) on the poled sample (5.5 kV/cm for 24 h). The piezo-coefficient ( 33 ) was obtained by a piezometer (Piezotest, PM200). Fig. 1 shows the XRD pattern of the calcined powder of BSDTV. All the reflection peaks were indexed, and the lattice parameters were determined in various crystal systems and cell configurations using a com- puter software "POWDMULT" 1 . Based on the best agreement between observed (obs) and calculated (cal) interplanar distance d (i.e., − = minimum), a suitable unit cell (orthorhombic system) was chosen. The least-squares refined lattice parameters are: a = 12.2719(39) Å, b = 8.9715(39) Å, and c = 19.7812(39) Å (the number in parentheses is the estimated standard deviation). These parameters are in good agreement with those previously reported [11, 12] . The crystallite size of the calcined powder was roughly estimated from the broadening of reflection peaks using Scherrer's equation: D = 0.89λ / (β 1/2 cosθ ) [13, 14] , where λ = 1.5405 Å and β 1/2 = peak width of reflections at half-maximum intensity. The average crystallite size of the sample was calculated as 16 nm (ignoring the contributions of strain, as well as instrumental and other unknown factors in the broadening).
Experimental procedure

Results and discussion
Structural analysis
The SEM micrograph of the compound (Fig. 1 (inset) ) shows that the nearly spherical shape and size of grains are more or less uniformly distributed over the entire surface of the sample. The grain size evaluated from the micrograph was in the range of 1-2 µm. A similar type of microstructure is found in some other materials of this family [15] .
Dielectric study
Ferroelectric ceramics consist of crystal matrices with grains and pores that influence physical properties (i.e., as dielectric strength, dielectric loss, Curie constant, transition temperature etc.). The Curie temperature (T ) is known to be one of the fundamental characteristics of ferroelectrics and antiferroelectrics. The above measurements give the origin of the spontaneously polarized state, and are considered important for characterizing ferroelectric materials. In the present work, T for BSDTV has been obtained by measuring dielectric properties as a function of temperature at different frequencies. Fig. 2 shows the temperature variation of the relative dielectric constant (ε ) and loss tangent (tanδ). The broadening of the dielectric peak indicates the occurrence of a diffused phase transition, which may be due to structural disorder and compositional fluctuations in the solid solution [16] of this material. The transition temperature in BSDTV, ∼321°C, is frequency independent unlike other materials of this family [17] . It suggests that the material does not have relaxor behavior, even with diffused phase transition. Further, much above T , the relative dielectric constant increases again. This rapid increase is due to the creation of space charge polarization in the sample at higher temperatures. The change in the value of tanδ of the compound was found to be smaller at low temperature, and increases significantly at high temperature. This is due to enhanced conductivity in the compound and the reduction in the ferroelectric domain wall's contribution at high temperature [18] . The value of tanδ at high frequencies is much lower than at low frequencies. This kind of dependence of tanδ on frequency is typically associated with loss of energy by a conduction process. 
Figure 3. P-E loop of Ba
3 Sr 2 SmTi 3 V 7 O 30 at room temperature.
Hysteresis analysis
Polarization measurement is the most important activity to study the ferroelectric properties of the compounds. In order to confirm the ferroelectric nature of the BSDTV compound, a hysteresis loop was traced at room temperature. Fig. 3 shows the variation of polarization as a function of electric field on a poled sample at room temperature. Remanent polarization (2P ) was found to be 0.0439 µC/cm 2 at an applied electric field of 5.5 kHz/cm. We could not obtain a proper (saturated polarization) hysteresis loop because of the difficulty in poling due to lossy characteristics of the material. The piezo-coefficient 33 was found to be 7 pC/N (on the poled sample). Similar results are observed in other ferroelectric materials of this family [19, 20] .
Conductivity analysis
Thermal behavior (ac conductivity) of BSDTV is shown in Fig. 4 . In the figure, an anomaly has been observed at a particular temperature. The change in slope at a particular temperature corresponds to the transition temperature (obtained from the ε versus temperature plot (Fig. 2) ). In addition, the conductivity increases with rising temperature. The change in slope of the curve reflects a change in the conductivity phenomenon in paraelectric and ferroelectric regions. The conductivity curves at different frequencies are found to merge at higher temperatures, and hence the onset of intrinsic conductivity takes place in the material. The value of activation energy in the system was calculated from the slope of the graphs (Fig. 4) of Arrhenius plots. The values of activation energy (ac conductivity) of the compound are given in Fig. 4 . 
Conclusions
A polycrystalline, Ba 3 Sr 2 DyTi 3 V 7 O 30 sample was prepared by a high-temperature solid-state reaction technique. A single-phase orthorhombic structure was confirmed using X-ray diffraction data. The average grain size studied by SEM was of the order of 1 µm. The frequency independent dielectric anomaly of ferroelectric to paraelectric type was found at 321°C. This indicates that the material does not have relaxor property. The area within the hysteresis loop traced at room temperature is found to be very small. The appearance of a hysteresis loop confirms the ferroelectric phase transition in the material. The thermal behavior of ac conductivity showed a change in slope at T , and is found to merge at higher temperatures, which may be due to the onset of intrinsic conductivity.
